The optical cross section of a single nanoresonator is normally on the scale of wavelength. Here, we propose a mechanism to drastically enhance the cross section by three orders of magnitude.
Instead of relying on specially designed nanoresonators to decouple channels, we directly reduce the number of channels by filling the entire space with an index near-zero (INZ) material. Such material has lower density of channels than vacuum, which leads to enhanced cross section. The enhancement can be rigorously proved using a free-space couple-mode theory developed in [2] . For a localized resonator embedded in a medium with an index of n, the incident field is described by . The far-field scattering is described by . The resonance is governed by the following equations:
(1) (2) where is the resonance frerquency, is the total coupling rate and is the absorption rate. D contains the coupling rates of all channels and satisfy . By solving the above equations, we obtain the absorption cross section for an isotropic resonator as:
The maximum absorption cross section is . Similarly, in a 2-dimensional (2D) space, the limit of absorption cross section can obtained as
. In an index near-zero medium with n ~ 0, an extraordinary large absorption cross section can be obtained.
The enhancement of optical cross section can also be easily shown by numerically solving Maxwell's equations for a nanoresonator. Figure 1a -b compare the power flow of a plane wave illuminated on a nanoresonator in vacuum (n = 1) and in an INZ material (n = 0.02). The nanoresonator is an infinitely long dielectric nanorod with a radius of 100 nm and a refractive index of 4. The imaginary part of the refractive index is tuned to ensure the absorption cross section always reaches its maximum. The nanorod supports a fundamental resonance at the wavelength of 1.05 , thus the maximum cross section in vacuum is only 0.16 . The flux lines are only disturbed around the nanoresonator. In great contrast, in an INZ material, the flux lines from a large area bend toward the resonator. The simulated absorption cross section is 8 , which agrees very well with the theory.
The enhancement for the same index of n = 0.02 is even greater for the 3-dimensional (3D) case. Figure 1c and 1e show the setup to visualize the enhancement. A Gaussian beam with a waist of 1 mm scans around the resonator, which is placed on a perfect mirror and has a resonant wavelength of 10
. Such resonators typically have a size that is only a few micrometers. When placed in vacuum, the resonator barely changes the reflected beam profiles (Fig.  1d) . One cannot identify the presence of the resonator because its maximum absorption cross section is only . In great contrast, if we embedded the resonator in the INZ material ( Fig. 1e) with the same Gaussian illumination, the reflected beams (Fig. 1f) exhibits a macroscopic shadow with a diameter of 0.25 mm because of its large absorption cross section of 0.064 .
The INZ material can be implemented with a Fabry-Perot cavity design. Similar design has been experimentally verified to behave as INZ material at the cavity resonance [4] . As shown in Fig. 1g , the cavity consists of one perfect electric conductor (PEC) slab and a Distributed Bragg Reflector (DBR) consisting of 3 pairs of Si and SiO2 quarterwave layers. At the cavity resonance, it forms an effective INZ material. An isotropic resonator is formed by opening a nano slit in the PEC slab. The slit is filled with dielectric material, which has a refractive index of 3.5-j0.07. The spacing between the PEC and top layers is 785 nm. Both the cavity and the resonator have a resonant wavelength at 1570 nm. The simulated absorption cross section (marker in Fig. 1h) shows 24-fold enhancement and reaches 5900 nm. Also, the spectrum based on the coupled-mode theory (red solid line in Fig. 1h ) shows remarkable agreement with the direct simulation.
